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DEVICE FOR DETECTING DIRT ACCUMULATION ON A TRANSPARENT COVERING 

PANE IN FRONT OF AN OPTICAL UNIT 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a device for detecting dirt accumulation on a transparent 
covering pane in front of an optical unit according to a device for detecting dirt 
accumulation on a transparent covering pane (1) in front of an optical unit (3,4). 

[0002] Such devices are particularly required for environment monitoring systems that emit 
light and deduce information about the environment from the proportion of light reflected in 
the target area. In the future, such environment detection systems will be particularly 
employed in motor vehicles for seat occupancy recognition, longitudinal control, tracking, 
tracking error warning, or for taking measures in the event of an imminent crash. The 
detection of dirt accumulation enables the emitting power or sensitivity of reception to be 
adapted correspondingly and the received reflected proportion of light to be evaluated 
correctly. 

[0003] Prior-art devices for detecting the degree of dirt accumulation are known from DE 
196 46 078 and DE 197 04 793, for example. Said devices emit light vertically onto the 
covering pane that actually is transparent, wherein the increasing accumulation of dirt 
results in increased reflection. For detecting, the proportion reflected on the covering pane 
internally is measured and evaluated. This requires separate receiving units or a 
complicated process of distinguishing from reflections that occur outside the covering pane 
including the employment of correspondingly complicated devices. The prior-art devices 
are particularly unsuitable for an optical environment detection system having a swivelling 
emitter-receiver unit (i.e. in which the covering pane and the target area, in the end, are 
illuminated rather selectively a time), since it is not possible (or only possible with great 
efforts) to check a large area of the covering pane for dirt accumulation in this manner. 
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[0004] The object of the invention is to provide an alternative device that enables the 
detection of dirt accumulation to be performed in a simple but precise manner and beyond 
the covering pane. This object is achieved by a device for detecting dirt accumulation on a 
transparent covering pane (1) in front of an optical unit (3,4). The device includes one or 
more elements (42) for coupling in light into the covering pane lengthwise at a 
predetermined coupling-in point in a predetermined direction and that the light passes 
through the covering pane (1) lengthwise (13); and an element (3) for detecting the 
proportion of light that reaches a predetermined light-decoupling point (32), wherein a 
degree of dirt accumulation is concluded from this proportion. 

[0005] In prior art, the effect of reflection on the dirty interface between the covering pane 
and the environment is made use of. This is also done according to the invention. In 
contrast to prior art however, light is coupled into the pane lengthwise, i.e. laterally, 
wherein the covering pane is a large-surface but thin and transparent glass or plastic 
structure, wherein the side faces are arranged on the thin, circumferential edge, whereas 
the large-surface front/rear side is arranged between the emitter-receiver unit and the 
environment with the target area and is preferably arranged approximately vertically for 
this purpose. Thus, the covering pane approximately forms a plane within which light 
moves for the purpose of measuring the degree of dirt accumulation, wherein the thickness 
of the plane is negligible as against the longitudinal dimensions of the plane. 

[0006] Just on account of dispersion, light is coupled into the covering pane in such a 
manner (also in case of lengthwise coupling) that reflections occur on the interfaces of the 
front/rear side. Again, the reflection coefficient depends on the degree of dirt accumulation 
so that only a certain proportion of light reaches the point of emergence due to multiple 
reflections over the length of the covering pane. Preferably, the coupling-in angle is chosen 
such that light impinges on the interfaces at an angle that does not lead to total reflection 
yet. 

[0007] Preferably, light is deflected lengthwise at least once within the covering pane 
between the point of impingement and the point of emergence, i.e. there is a vertical or 
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opposite course of light after deflection, for example, preferably an offset course through 
another part of the pane. 

[0008] Such a device also allows a large-area measurement of the degree of dirt 
accumulation in optical environment detection systems including a swivelling emitter- 
receiver unit, in which the emitter-receiver unit can be directed towards the coupling-in and 
decoupling points, e.g. on the edge of the covering pane, by swivelling which means that 
the emitting and receiving directions extend towards said edge and that, in this swivelling 
position, the proportion of light that has run lengthwise through the pane is detected 
instead of the reflections from the target area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention will now be explained in greater detail on the basis of exemplary 
embodiments and figures. 

[001 0] Brief description of the figures: 

[001 1] Fig. 1 Device for detecting dirt accumulation on a transparent covering pane in front 
a. of an optical unit; 

[0012] Fig. 2 Sectional view referring to Fig. 1; 

[0013] Fig. 3 Points of coupling-in and decoupling as well as course of light lengthwise 
a. through the pane; 

[0014] Fig. 4 Course of light within the pane when deflected; 

[001 5] Fig. 5 Trench structure within the pane for forming an optical interface as a 
deflecting 

a. means. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

[0016] Figure 1 is a sketch of a device for detecting dirt accumulation on a transparent 
covering pane of an optical unit illustrated by an environment detection system as may be 
used in a motor vehicle, for example. 

[001 7] There are means 42 for coupling in light that couple light into the covering pane 
lengthwise at a predetermined coupling-in point in a predetermined direction whereafter 
the light passes through the covering pane 1 lengthwise (see course of light beam 13)., Fig. 
3 shows a possible realization of said coupling-in means in detail. There is a coupling-in 
stud 42 comprising an impingement face 421, said face 421 being inclined in such a 
manner that the light beam impinges on it approximately vertically. The side faces 422 of 
the stud act as guide surfaces that comprise a relatively high proportion of reflection, 
preferably total reflection of incident light, and lead light into the pane, wherein at least a 
proportion of light that is not insignificant is coupled into the covering pane lengthwise. A 
trench 423 additionally forms an interface directing light in the desired direction. For this 
purpose, the trench comprises a side face that is arranged approximately parallel to the 
coupling-in stud, said side face forming an optical interface with a medium that comprises 
a different refractive index, e.g. air, said interface thus comprising at least a high degree of 
light reflectance on account of its angle relative to the light. Then, the light coupled in 
passes through the pane 1 lengthwise as illustrated in the figures, wherein only a rough 
orientation is required and a plane-parallel orientation relative to the covering pane is 
particularly unnecessary or undesirable. In fact, it is desired to achieve reflections on both 
interfaces of the covering pane 1 with the ambient air and thus also towards the potentially 
dirty region, wherein the angle at which the light beams impinge on said interfaces is 
preferably chosen such that only a partial reflection is achieved. Thus, reflectance on the 
transparent cover depends on the degree of dirt accumulation on the covering pane 1 
which means that reflectance will increase when the degree of dirt accumulation increases, 
wherein there is no linear progression. 

[001 8] The light passing through the pane 1 lengthwise is reflected partially and several 
times also on the outer interface of the covering pane 1 (said outer interface being 
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susceptible to dirt accumulation) so that the dependence on dirt accumulation multiplies as 
against conventional vertical exposure of the pane to light and simple reflection and also 
covers the pane over its full length. 

[0019] Moreover, there are means 3 for detecting the proportion of light reaching a 
predetermined light-decoupling point 32. According to Fig. 3, said light-decoupling point 32 
is realized in the form of trenches that comprise interfaces arranged at an angle of about 
45 degrees so that reflections on this interface are as small as possible, thereby being able 
to reach a high degree of decoupling. 

[0020] The fact that the illustrated device is characterized in that light passes through the 
covering pane lengthwise and more or less parallel to the plane of the pane enables 
means 51, 52 for deflecting the coupled-in light to be provided on the side opposite the 
side of the point where light is coupled in, i.e. opposite in the lengthwise direction of the 
covering pane 1 , said means 51 , 52 deflecting the light at least once towards the point of 
decoupling. The means 51, 52 for deflecting the light coupled into the covering pane 
lengthwise are configured in such a manner that light passes through the covering pane 
lengthwise at least twice on different courses 13, 15. This means that light can be 
deflected within the covering pane several times and that the dependence on dirt 
accumulation can thus be increased. Moreover, it is easily possible to cover the covering 
pane completely. The sketch of Fig. 5 shows that the deflecting means 51, 52 can also be 
realized in the form of trench structures with optical interfaces, wherein in this realization 
the interface 512 is arranged again vertically to the covering pane 1 for the purpose of 
achieving high reflectance. 

[0021] For deflecting light towards another region of the covering pane 1, the trench 
comprises a non-vertical angle relative to the previous direction of light propagation within 
the covering pane 1. In particular, the trenches are arranged at angles of 45 degrees in our 
exemplary embodiment (see Fig. 1 and Fig. 5) so that the light passes through the 
covering pane for a second time, wherein the course of light comprises an approximately 
parallel offset. Of course, the light may be deflected more often than indicated herein. 
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[0022] The means for coupling-in, decoupling and deflecting illustrated herein are 
examples only and can be integrated into the covering pane in a relatively simple manner. 

[0023] The use of deflection also enables both the point of coupling-in 42 and the point of 
decoupling 32 to be arranged on one side of the covering pane 1, said side being arranged 
approximately vertically to the lengthwise direction of the covering pane 1. This is 
important for systems comprising a swivelling emitter-receiver unit as explained with 
reference to the exemplary embodiment below. 

[0024] The optical environment detection system according to Fig. 1 and Fig. 2 comprises 
a swivelling emitter-receiver unit 3, 4 that emits an emitter light-induced pulse towards a 
predetermined target area and detects and evaluates the impulse response. In addition to 
systems with a directly swivelling emitter-receiver unit 3, 4 there are also systems that use 
swivelling optical deflecting means, e.g. rotating prisms, as indicated in Fig. 1 and Fig. 2. 
All such systems illuminate and detect only a particular part of the whole target area per 
unit of time. It would take such systems a very long time to cover the complete pane if they 
measured the accumulation of dirt in the conventional manner, i.e. by vertical light 
incidence on the pane and measuring reflection, since the system would have to scan the 
pane step by step over its full length as performed by the system for detecting the target 
area. 

[0025] Therefore, a device is provided in which the emitter-receiver unit 3, 4 or the 
deflecting means 31, 41 can swivel into a predetermined position where the points of 
coupling-in and decoupling 32, 42 are arranged. The emitter unit 4 emits a light-induced 
pulse to the point of coupling-in 42 and the receiver unit 3 detects the proportion that 
reaches the point of decoupling 32. The degree of dirt accumulation is concluded from this 
incoming proportion of the light-induced pulse. 

[0026] Preferably, the points of coupling-in and decoupling 32, 42 are arranged on the 
edge 12 of the covering pane 1 and the edge 12 of the covering pane 1 is covered towards 
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the target area by an opaque cover (see Fig. 1 and Fig. 2). That means that the emitter- 
receiver unit 3, 4 or its deflecting means 31, 41 swivel to an edge portion so that the 
accumulation of dirt is measured in this swivelling position. 
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